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e Sure, you can use it to coordinate multiple CubeSats with precision ranging:
o Interferometry!
o Distributed and synthetic apertures!

So, we've got CubeSat crosslink Iasercom...@

e But, here we will talk about two uses of lasercom technology for planetary
(and exoplanet) exploration:

1) Atmospheric sensing: laser occultation of planetary atmospheres

2) Astrophysics: formation-flying laser guide star to see fainter objects with
large telescopes



CLICK: CubeSat Lasercom Infrared CrosslinK
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1) Atmospheric Sensing:
Laser Occultation
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Bending Angle — Temp-Pressure profiles

Example lasercom bending angles GPS Radio Occultation Earth
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Differential Absorption for Composition
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I I" Laser Guide Star

e Use a formation-flying CubeSat with laser transmitter to provide more photons
to a telescope Adaptive Optics system (wavefront sensing and control)

e Allows faster and better correction of optical aberrations — improved images

e Relevant for exoplanet and solar system planet imaging as well as other
targets
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2) Astrophysics: Formation-flying laser
guide star to see fainter objects



e LUVOIR segment stability must be

~picometers for exoplanet imaging
o Hard/expensive/impossible(?) to build
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Science Targets

e Natural guide stars aren’t bright Laser Guide
Stars (LGS) *
enough to support segment control Q Aterobsersaion, Y
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that one is always in position
requirements established in Douglas to assist the telescope while

et al. 2019 [1].
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Formation Flying Propulsion Options

Propulsion system comparison, 40,000 km range, 12U LGS
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Formation Flying Propulsion Options

Propulsmn system companson 40 000 km range, 12U LGS
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Ground-based LGS LEO LGS GEO LGS
e GEO to ground 7%{
lasercom is
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I I" Summary

e NASA can leverage lasercom technology for planetary exploration

e CubeSat lasercom is intended to enable coordination for interferometry,
synthetic aperture radar, and distributed imaging applications

e But also! Atmospheric composition, temperature-pressure measurements

e But also! Imaging fainter objects with astronomical telescopes (in space and
on Earth)

e Strongly encourage Earth-orbit technology demonstrations (also useful for

Earth) and then incorporation into future solar system exploration missions )
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We discuss three different applications of CubeSat lasercom systems: 1) CubeSat
lasercom systems can enable multi-spacecraft coordination by providing precision
ranging and high data rate intersatellite links. 2) CubeSat laser crosslinks can
enable concurrent measurements of atmospheric composition, temperature,
pressure, and wind. 3) CubeSats with laser transmitters can be used as bright
satellite laser guide stars for either ground or space-based telescopes that use
adaptive optics, improving their ability to image dim targets and relaxing stability
requirements on segmented apertures.

Backup: Abstract as Submitted @
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Backup: Satellite Laser Guide Star Example:
Use existing GEO ComSat Terminal TDP1 on Alphasat

Parameter Nominal Power | Max. Power
Transmit power (W) 0.1 5
Wavelength (nm 1064 A\
gth (nm) <> A\
Beam divergence (urad) 7.1 (half-angle) ontiiial N *:\ /
(1.5 arcsec) Guide-Star N\
Range (km) 35,786
Spot diameter (m) 508
Throughput 10%
Telescope
Received flux (W/m?) 49x10% 2.5x10° Aperture
Received flux (phot/s/cm?) | 2.6 x 107 1.3 x 10° Most sodium guide
star systems are
Received magnitude -4.6 -8.9 mag +9 or +10
Tracking \-\,\
Required mag <8 Beacon

Margin factor 120,000 5,900,000



